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Abstract
Introduction
Certain ABO blood types have been linked to cardiovascular disease, infection and cancers.
The effect of recipient ABO blood group on patient and graft survival has not been studied in
ABO-matched kidney transplantation. This study aims to determine the association between
kidney transplant recipient ABO blood groups with patient and graft survival in Australian
and New Zealand.
Methods
All Australian and New Zealand transplant recipients who received ABO-compatible primary
kidney transplants between 1995–2016 were analysed using a de-identified dataset from
the Australia and New Zealand Dialysis and Transplant (ANZDATA) Registry. Primary anal-
ysis was undertaken of recipient ABO blood group O versus non-O blood groups. The pri-
mary outcome was patient survival post kidney transplantation and the secondary outcome
was death censored graft survival. Recipient age at first transplant, gender, ethnicity, body
mass index, smoking status, vascular disease, presence of diabetes mellitus, chronic lung
disease, primary kidney disease, donor source, donor age and gender, and era of trans-
plants were included in the multivariate model as confounders.
Results and conclusions
On analysis of 15,523 kidney transplant recipients, blood group O was not associated with
patient survival (hazard ratio (HR) 0.96, 95% confidence interval (CI) 0.89–1.04) nor death
censored graft survival (HR 0.97, 95% CI 0.89–1.05) compared to non-blood group O recipi-
ents. Competing risks analyses showed an increased risk of cancer-related mortality in
blood group O recipients on univariate analyses (HR 1.18, 95% CI 1.01–1.37) however, this
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became insignificant on multivariate analyses. On secondary analyses, recipient blood
group AB (4.11% participants) was associated with inferior death censored graft survival
compared to those with blood group O (HR 1.24, 95% CI 1.02–1.50). Although recipient
ABO blood groups were not associated with patient nor graft survival, differences in cause-
specific mortality between individual blood groups cannot be excluded based on current
analyses.
Introduction
The ABO blood group system consists of complex carbohydrate molecules expressed on the
extracellular surface of red blood cell membranes [1]. The primary structure of these antigens
is a glycoprotein or glycolipid backbone called the H structure. The A and B alleles encode for
different glycosyltransferases which attach specific monosaccharides (A = N-acetylgalactosa-
mine, B = D-galactose) to the H structure to form the A and B antigens [2]. The O allele do not
encode a functional enzyme so the O antigen consists of the unaltered H structure. Notably,
ABO antigens are also expressed on epithelium, sensory neurons, platelets and vascular endo-
thelium [3, 4].
It follows that ABO blood group had implications for cardiovascular disease, cancer and
infections [5]. Non-O blood type individuals have increased risks of venous thrombosis,
peripheral vascular disease, coronary heart disease, myocardial infarction and ischaemic stroke
[6, 7]. This has been attributed to increased von Willebrand’s factor half-life associated with A
and B antigens; as well as higher levels of vWF and factor VIII in non-O blood type individuals
[5, 8, 9]. Blood group O was associated with increased prevalence of skin cancers and non-
Hodgkin’s lymphoma [10–12]. Blood group O has been associated with increased risks of
disease progression in patients with bladder cancer [13, 14]. Lastly, blood group O has been
correlated to increased risk of cholera, mumps and tuberculosis; while blood group A are at
increased risk of Pseudomonas aeruginosa infections [15, 16]. This has been attributed to the
role of blood group antigens as receptors and/or coreceptors for pathogens and facilitate intra-
cellular uptake [16].
To date, no study has investigated the relationship between ABO blood group and ABO-
compatible kidney transplant outcomes despite persistent differences in transplantation wait-
time between different ABO blood groups. This study seeks to complete an analysis of kidney
transplants conducted in Australia and New Zealand between 1995–2016 to determine the
effect of ABO blood groups on patient survival and identify other interacting factors may
impact on post-transplant outcomes. Lastly, this study will review patient factors that could
contribute to ABO blood group-related decrements in patient survival.
Materials and methods
Data collection
All Australian and New Zealand transplant recipients who received ABO-compatible primary
kidney transplants (living and deceased) between 1995–2016 were analysed using a de-identi-
fied dataset from the Australia and New Zealand Dialysis and Transplant (ANZDATA) Regis-
try. ABO-compatible kidney transplants included ABO-matched, donor blood group O and
recipient blood group AB transplants (S1 Table). All transplanting units in Australia and
New Zealand contribute to the ANZDATA Registry. Research was approved by ANZDATA
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executive (ID 42058) and Royal Adelaide Hospital Human Research Ethics Committee
(HREC/17/RAH/408 R20170927). Written consent was not obtained as all data received from
ANZDATA was fully anonymized prior to analysis.
Statistical analysis
The main exposure variable was the cohort identified by recipient ABO blood group: blood
group O versus non-blood group O. Secondary analyses compared each ABO blood group to
blood group O. Covariates included: recipient’s age at first transplant, gender, ethnicity, body
mass index (BMI), smoking status, vascular disease, presence of diabetes mellitus, chronic
lung disease, primary kidney disease; donor source, age, ethnicity and gender, and era of trans-
plants (1995–1999, 2000–2004, 2005–2009, 2010–2015). Comorbidities, BMI and smoking sta-
tus were recorded at time of transplant. Vascular disease was categorised by the presence of at
least one of ischemic heart disease, cerebrovascular disease and/or peripheral vascular disease.
Ethnicity and gender were classified by patient’s self-identification on registration forms. Pri-
mary renal disease were as identified by treating clinicians on ANZDATA data entry forms
based on renal biopsy results and/or clinical features.
The primary outcome was patient survival post kidney transplantation and the secondary
outcome was death censored graft survival. Patient survivals were measured from the date of
transplant to the date of death, patients were censored at date of loss to follow-up or 31st of
December 2016. Death censored graft survivals were calculated from the date of transplant to
the date of irreversible graft failure signified by long-term dialysis (or re-transplantation) or
the date of last follow-up during the period when the graft was still functioning. In the event of
death with a functioning graft, the follow-up period is censored at the date of death.
All statistical analyses were performed using Stata statistical software, version 15.1. Patient’s
characteristics at transplant were expressed as median and intra quartile range (IQR) for contin-
uous skewed data and proportions were presented as percentages of the respective denominator.
Cox proportional hazard models were applied to examine the survival outcomes between
groups. Multivariate modelling was then undertaken by adding previously listed covariates.
Transplant waiting times were included as a continuous variable. The estimates were calcu-
lated using the likelihood ratio method and were expressed as hazard ratios (HRs). Propor-
tional hazard assumption was tested by log-log plot of survival and Schoenfeld Residuals.
Survival curves between blood groups were evaluated by standard Kaplan–Meier survival
curves and groups were compared by log-rank test. The departure from linearity for continu-
ous predictors was tested by linear spline for the adaptive model and found an evidence that
the assumption of linearity had been violated (Wald test p-values >0.05). Linear splines with
knots at specified points were applied for non-linear relationships.
Competing risk analysis was performed on causes of survival outcomes between groups. In
the competing risk set up, under each cause for the occurrence of an event of interest, a hazard
function in the presence of confounders is considered. The causes other than the cause of
interest are considered as competing events. Survival times are defined as the time until occur-
rence of one competing event preventing other event to occur. Fine and Gray subdistribution
hazards models were to assess the sub-distribution hazard ratios (SHR) of cause specific mor-
tality [17].
Results
Demographic characteristics
15,523 patients received primary kidney transplants between 1995 to 2016. Blood group O
comprised of 44.1% of recipients (n = 6,839), blood group A comprised of 39.7% (n = 6,166),
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blood group B comprised of 11.4% (n = 1,769) and blood group AB comprised of 4.1%
(n = 639) (Table 1). Recipients with blood group B and AB were more likely to be Asian than
white compared to blood groups O and A recipients. Median dialysis duration was the shortest
for recipients with blood group A (1.6 years) and longest for blood group O (2.3 years) how-
ever, blood group AB recipients were most likely to receive a graft within 5 years (95.2%).
Median total ischaemia time was greatest for AB group grafts (11.0 hours). Blood group AB
recipients were more likely to receive deceased donor kidneys (74.6%). Recipient age group,
gender, primary renal disease, smoking status, vascular disease, diabetes, respiratory disease
and transplant era were similar between recipient blood groups. Cardiovascular death (29%)
was the most common cause of death in the study period followed by cancer (22%) and infec-
tion (18%).
Recipient blood group O not associated with differences post-transplant
patient survival
Blood group O recipients had similar post-transplant survival compared to non-blood group
O recipients (HR 0.96, 95% CI 0.89–1.04, Fig 1A, S2 Table). Increasing age at transplant, BMI
<18.5, Aboriginal and Torres Strait Islander or Maori descent, any dialysis, any prior smoking,
vascular disease, diabetes, respiratory disease and greater than 18 hour ischaemia time were
linked to reduced patient survival than their counterparts (S2 Table). Asian descent, glomeru-
lonephritis, polycystic kidney disease and reflux nephropathy were linked to increased patient
survival. Blood group A, B and AB recipients had similar post-transplant survivals compared
to blood group O recipients (Fig 1B, S3 Table).
On competing risk analyses, blood group O was associated with 18% increased risk of can-
cer-related mortality (HR 1.18, 95% CI 1.01–1.37, Fig 2). However, this became statistically
insignificant on multivariate analyses (HR 1.14, 95% CI 0.97–1.34). ABO blood group were
not associated with differences in mortality from cardiovascular disease, infection nor with-
drawal from dialysis.
Recipient blood group AB associated with inferior death censored graft
survival
While there was no difference in death censored graft survival between blood group O and
non-O blood groups (HR 0.97, 95% CI 0.89–1.05, Fig 3A, S4 Table), blood group AB recipient
had inferior death censored graft survival compared to blood group O (HR 1.24, 95% CI 1.02–
1.50; S5 Table, Fig 3B). BMI�30, Aboriginal and Torres Strait Islander, Maori or Pacific
descent, dialysis greater than 2 years, current smoking, vascular disease, diabetes,�3 HLA
mismatches, increasing donor age>50 years old were linked to reduced graft survival (S5
Table). Later transplant vintage was associated with improved graft survival.
Discussion
On analysis of 15, 523 kidney transplant patients in Australia and New Zealand between 1995–
2016, recipient blood group O had similar patient survival post-transplant compared to non-O
blood groups. This is similar to findings in 854 lung transplant patients where recipient ABO
blood group was not an independent risk factor for one-year post-transplant survival [18].
These results suggest that ABO blood group antigen may not significantly affect post-trans-
plant survival. Conversely in 557 liver transplant patients, recipient blood group O was associ-
ated with reduced post-transplant survival compared to non-O blood groups (HR 1.75, 95%
CI 1.04–2.87, p = 0.035) [19]. However, patients with blood group O are known to have longer
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Table 1. Patient characteristics at transplant between ABO groups (n = 15,523).
Characteristics All; n (%) ABO group
O; n(%) A; n (%) B; n (%) AB; n(%)
N 15,523 6839 (44.1) 6,166 (39.7) 1769 (11.4) 639 (4.1)
Age at transplant, y, median (IQR) 48.0 (35.0–58.0) 48.0 (35.0–58.0) 48.0 (36.0–58.0) 48.0 (36.0–57.0) 49.0 (37.0–58.0)
Age group, y
<15 623 (4.0) 273 (4.0) 243 (3.9) 67 (3.8) 25 (3.9)
15–44 5,954 (38.4) 2686 (39.3) 2,356 (38.2) 652 (36.9) 220 (34.4)
45–54 3,818 (24.6) 1632 (23.9) 1,522 (24.7) 469 (26.5) 173 (27.1)
55–64 3,722 (24.0) 1649 (24.1) 1,471 (23.9) 414 (23.4) 160 (25.0)
65+ 1,406 (9.1) 599 (8.8) 574 (9.3) 167 (9.4) 61 (9.5)
Gender
Male 9,658 (62.2) 4281 (62.6) 3,808 (61.8) 1097 (62.0) 402 (62.9)
Female 5,865 (37.8) 2558 (37.4) 2,358 (38.2) 672 (38.0) 237 (37.1)
BMI, kg/m2
<18.5 492 (3.2) 218 (3.2) 170 (2.8) 78 (4.4) 22 (3.4)
18.5–24.9 6,085 (39.2) 2714 (39.7) 2,349 (38.1) 733 (41.4) 252 (39.4)
25–29.9 5,117 (33.0) 2259 (33.0) 2,062 (33.4) 554 (31.3) 214 (33.5)
> = 30 2,998 (19.3) 1265 (18.5) 1,276 (20.7) 319 (18.0) 124 (19.4)
Missing 831 (5.4%) 383 (5.6) 309 (5.0) 85 (4.8) 27 (4.2)
Ethnicity
White 12268 (79.0) 5545 (81.1) 5,014 (81.3) 1184 (66.9) 444 (69.5)
ATSI 488 (3.1) 230 (3.4) 223 (3.6) 23 (1.3) 11 (1.7)
Asian 1,520 (9.8) 579 (8.5) 389 (6.3) 426 (24.1) 121 (18.9)
Maori 404 (2.6) 153 (2.2) 216 (3.5) 18 (1.0) 15 (2.3)
Pacific 439 (2.8) 171 (2.5) 176 (2.9) 62 (3.5) 22 (3.4)
Other 287 (1.8) 118 (1.7) 104 (1.7) 44 (2.5) 21 (3.3)
Missing 117 (0.9) 43 (0.6) 44 (0.7) 12 (0.7) 5 (0.8)
Primary renal disease
Diabetic Nephropathy 2,157 (13.9) 928 (13.6) 869 (14.1) 242 (13.7) 107 (16.7)
Glomerulonephritis 6,624 (42.7) 2904 (42.5) 2,606 (42.3) 807 (45.6) 277 (43.3)
Hypertension 811 (5.2) 354 (5.2) 318 (5.2) 92 (5.2) 41 (6.4)
Polycystic Disease 2,128 (13.7) 975 (14.3) 840 (13.6) 215 (12.2) 78 (12.2)
Reflux Nephropathy 1,240 (8.0) 555 (8.1) 503 (8.2) 132 (7.5) 44 (6.9)
Other/Uncertain 2,489 (16.0) 1096 (16.0) 1,004 (16.3) 272 (15.4) 91 (14.2)
Missing 74 (0.5) 27 (0.4) 26 (0.4) 9 (0.5) 1 (0.2)
Dialysis duration, y, median (IQR) 1.9 (0.7–3.8) 2.3 (0.8–4.4) 1.6 (0.6–3.2) 2.1 (0.8–4.2) 1.2 (0.5–2.2)
Dialysis duration, y
Pre-emptive 1,877 (12.1) 778 (11.4) 803 (13.0) 179 (10.1) 77 (12.1)
�1 6,197 (39.9) 2,381 (34.8) 2,725 (44.2) 663 (37.5) 381 (59.6)
2–3 3,833 (24.7) 1,745 (25.5) 1,487 (24.1) 457 (25.8) 130 (20.3)
�4 3,616 (23.3) 1,935 (28.3) 1,151 (18.7) 470 (26.6) 51 (8.0)
Smoking status
Never 8,948 (57.6) 3942 (57.6) 3,541 (57.4) 1047 (59.2) 348 (54.5)
Former 4,833 (31.1) 2107 (30.8) 1,948 (31.6) 523 (29.6) 229 (35.8)
Current 1,590 (10.2) 715 (10.5) 629 (10.2) 181 (10.2) 58 (9.1)
Missing 152 (1.0) 75 (1.1) 48 (0.9) 18 (1.0) 4 (0.6)
Vascular disease 3,224 (20.8) 1406 (20.6) 1,290 (20.9) 374 (21.1) 144 (22.5)
Missing 64 (0.4) 27 (0.4) 22 (0.4) 8 (0.5) 3 (0.5)
(Continued)
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waitlist times for liver transplant compared to those with non-O blood groups—potentially
contributing to the observed reduced patient survival [20].
Competing risks analyses demonstrated that blood group O were at increased risk of can-
cer-related mortality compared to non-blood group O recipients on univariate analyses. This
Table 1. (Continued)
Characteristics All; n (%) ABO group
O; n(%) A; n (%) B; n (%) AB; n(%)
Diabetes 2,839 (18.3) 1227 (17.9) 1,125 (18.2) 337 (19.1) 136 (21.3)
Missing 63 (0.4) 25 (0.4) 22 (0.4) 8 (0.5) 3 (0.5)
Respiratory disease 974 (6.3) 438 (6.4) 370 (6.0) 121 (6.8) 40 (6.3)
Missing 64 (0.4) 28 (0.4) 21 (0.3) 8 (0.5) 3 (0.5)
Total ischemia time, h, Median (IQR) 9.0 (3.0–14.0) 9.0 (3.0–14.0) 9.0 (3.0–14.0) 9.0 (4.0–14.0) 11.0 (5.0–15.0)
Total ischemia time, h
<12h 9,249 (59.6) 4047 (59.2) 3,746 (60.8) 1055 (59.6) 319 (49.9)
12h-18h 4,511 (29.1) 1999 (29.2) 1,752 (28.4) 520 (29.4) 232 (36.3)
18h+ 1,309 (8.4) 605 (8.8) 498 (8.1) 137 (7.7) 68 (10.6)
Missing 454 (2.9) 188 (2.7) 170 (2.8) 57 (3.2) 20 (3.1)
HLA mismatches
0 970 (6.2) 428 (6.3) 360 (5.8) 82 (4.6) 23 (3.6)
1 1,291 (8.3) 662 (9.7) 484 (7.8) 114 (6.4) 31 (4.9)
2 3,163 (20.4) 1569 (22.9) 1,237 (20.1) 275 (15.5) 74 (11.6)
3 3,112 (20.0) 1432 (20.9) 1,239 (20.1) 330 (18.7) 100 (15.6)
4 2,526 (16.3) 1028 (15.0) 993 (16.1) 360 (20.4) 138 (21.6)
5 2,960 (19.1) 1098 (16.1) 1,246 (20.2) 424 (24.0) 187 (29.3)
6 1,501 (9.7) 622 (9.1) 607 (9.8) 184 (10.4) 86 (13.5)
Type of Donors
Live 5,591 (36.0) 2485 (36.3) 2,277 (36.9) 576 (32.6) 162 (25.4)
Deceased 9,932 (64.0) 4354 (63.7) 3,889 (63.1) 1193 (67.4) 477 (74.6)
Donor age, y, median (IQR) 46.0 (31.0–56.0) 46.0 (31.0–56.0) 46.0 (32.0–57.0) 45.0 (29.0–55.0) 44.0 (29.0–56.0)
Donor age group, y
<25 2,782 (17.9) 1264 (18.5) 1,063 (17.2) 317 (17.9) 131 (20.5)
25–34 1,711 (11.0) 718 (10.5) 687 (11.1) 220 (12.4) 76 (11.9)
35–44 2,710 (17.5) 1171 (17.1) 1,088 (17.6) 314 (17.8) 114 (17.8)
45–54 3,768 (24.3) 1669 (24.4) 1,501 (24.3) 434 (24.5) 132 (20.7)
55–64 3,133 (20.2) 1354 (19.8) 1,263 (20.5) 343 (19.4) 145 (22.7)
65+ 1,392 (9.0) 648 (9.5) 558 (9.0) 139 (7.9) 41 (6.4)
Missing 27 (0.2) 15 (0.2) 6 (0.1) 2 (0.1) -
Donor gender
Male 7,768 (50.0) 3409 (49.8) 3,027 (49.1) 940 (53.1) 348 (54.5)
Female 7,118 (45.9) 3145 (46.0) 2,880 (46.7) 759 (42.9) 273 (42.7)
Missing 637 (4.1) 285 (4.2) 259 (4.2) 70 (4.0) 18 (2.8)
Era
1995–1999 2,545 (16.4) 1109 (16.2) 1,014 (16.4) 312 (17.6) 109 (17.1)
2000–2004 3,042 (19.6) 1344 (19.7) 1,273 (20.6) 299 (16.9) 126 (19.7)
2005–2009 3,496 (22.5) 1588 (23.2) 1,355 (22.0) 412 (23.3) 140 (21.9)
2010–2016 6,440 (41.5) 2798 (40.9) 2,524 (40.9) 746 (42.2) 264 (41.3)
Data were presented as N (%) unless stated otherwise; IQR 75th– 25th percentile.
ATSI Aboriginal and Torres Strait Islanders.
https://doi.org/10.1371/journal.pone.0236396.t001
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may be associated with increased risks of skin cancer and non-hodgkin’s lymphoma in blood
group O patients [10–12]—both of which are linked to higher risks of cancer-related mortality
in Australian and New Zealand renal transplant patients between 1980 to 2014 [21]. Addition-
ally, blood group O recipients had the longest pre-transplant dialysis duration. Dialysis has
been associated with increased risks of oral, colorectal, liver, blood, breast, renal, upper urinary
tract, and bladder cancer in population cohort studies [22, 23]. This could be due to dialysis-
Fig 1. Kaplan Meier survival curve for cumulative patient survival post-transplant by recipient ABO blood group. (A) Recipient blood group O vs.
non-blood group O. (B) All recipient blood groups.
https://doi.org/10.1371/journal.pone.0236396.g001
Fig 2. Univariate and multivariate competing risk analysis of cause-specific patient mortality between O and non-
O ABO group. The estimates show the subdistribution hazards ratio for ABO O group where non-O ABO group is the
reference point.
https://doi.org/10.1371/journal.pone.0236396.g002
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related immune dysfunction however, no differences in infection related mortality were
observed. It is more likely that the combination of chronic infection, inflammation, immune
dysfunction, malnutrition, and shortage of DNA repair mechanisms associated with dialysis
promotes tumorigenesis [24, 25]. Unfortunately, data regarding the type of cancer was not
available and is a limitation of this study. Further studies are required to investigate the effect
of recipient ABO blood groups on the incidence of cancer subtypes post-transplant.
Recipient blood group AB was associated reduced death censored graft survival compared
to blood group O. Notably, recipients with AB blood group only comprised 4.11% (639/
15,523) of kidney transplants; and had different ethnicity distribution, pre-transplant dialysis
duration, prolonged total ischemia time, donor type, donor age and transplant era compared
to non-AB blood group recipients. Furthermore, it is a highly heterogenous population in
terms of duration of pre-transplant renal replacement therapy, recipient and donor factors
owing to the variable supply of donor AB blood group kidney grafts [26]. As a result, the infe-
rior death-censored graft survival observed in this study may not be generalized to all AB
blood groups recipients.
Moreover, recipient blood group may be a surrogate marker for established adverse out-
come factors. This is supported by differences in recipient BMI, ethnicity, pre-transplant renal
replacement therapy, total ischaemia time, HLA mismatch and donor type by recipient blood
group. For example, pre-transplant obesity is associated with increased mortality and death-
censored graft survival in a meta-analysis of 10 adult studies [27]. Aboriginal and Torres
Strait Islander recipients have prolonged wait times, increased number of HLA mismatches,
enhanced socioeconomic barriers to ongoing treatment and shortened recipient survival com-
pared to non-Aboriginal and Torres Strait Islander Australians [28]. However, differences in
survival in Aboriginal and Torres Strait Islander Australians have primarily been attributed to
infective causes which was not observed in this study [29]. Pre-emptive kidney transplants and
living donor grafts are associated with improved patient and graft survival [30].
Increasing recipient age, longer duration of pre-transplant renal replacement therapy, cur-
rent smoking status, vascular disease, diabetes mellitus, deceased donor and early era of trans-
plant are independent risk factors for adverse post-transplant patient outcomes per meta-
analyses [31] along with, database analyses of US [32–35], Australian, New Zealand [36], and
Dutch [30] recipients.
Fig 3. Kaplan Meier survival curve for death censored graft survival by recipient ABO blood group. (A) Recipient blood group O vs. non-blood
group O. (B) All recipient blood groups.
https://doi.org/10.1371/journal.pone.0236396.g003
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The major strength of this study is the use of a large registry with almost complete capture
from time of dialysis initiation to graft loss and/or mortality. However, the use of observational
data carries inherent risks related to confounding factors. Multivariate analyses can be used to
control for known confounders however, it cannot address unmeasured confounders such as
socioeconomic status, nutrition and environmental exposures. It follows that blood group A
may be a surrogate marker for an unmeasured factor such as geographic location, family his-
tory of heart disease or financial status.
Additionally, the findings of this study are primarily applicable to the Australian and New
Zealand population and health infrastructure. Further studies using other databases such as
United States Renal Data System and United Kingdom Renal Registry could be completed
to determine if the correlations observed in this study are translatable to other jurisdictions.
Lastly, this study did not investigate if there was a link between rates of acute or chronic rejec-
tion and recipient ABO blood group. The effect of recipient ABO blood group on causes of
death-censored graft failure were not investigated.
Conclusions
Recipient blood group O was not associated with differences in all-cause mortality. There may
be ABO blood group effects on cause-specific (e.g. cancer-related) mortality. Recipient blood
group AB was associated with reduced death censored graft survival however, this is difficult
to interpret in the context of the small highly heterogenous patient population included in this
study. Further investigations in larger populations are required to clarify the effects of specific
ABO blood groups on all-cause mortality and cause-specific mortality.
Supporting information
S1 Table. ABO-compatible (●) and ABO-incompatible transplants (○).
(DOCX)
S2 Table. Univariate and multivariate Cox proportional hazard model of patients’ surviv-
als between O and non-O ABO group.
(DOCX)
S3 Table. Univariate and multivariate Cox proportional hazard model of patients’ surviv-
als between A, B, AB and O groups.
(DOCX)
S4 Table. Univariate and multivariate Cox proportional hazard model of death censored
graft survivals between O and non-O ABO group.
(DOCX)
S5 Table. Univariate and multivariate Cox proportional hazard model of death censored
graft survivals between A, B, AB and O groups.
(DOCX)
Acknowledgments
We acknowledge the Australian and New Zealand nephrology community (physicians, sur-
geons, database managers, nurses, renal operators, and patients) for providing information
and maintaining the ANZDATA Registry database. MSYN acknowledges the Robert and
Janelle Bird Postdoctoral Research Fellowship.
PLOS ONE Blood group relationships to kidney transplant outcomes
PLOS ONE | https://doi.org/10.1371/journal.pone.0236396 July 23, 2020 9 / 11
Author Contributions
Conceptualization: Monica S. Y. Ng, Gregory Wilson, Andrew J. Mallett.
Data curation: Shahid Ullah.
Formal analysis: Monica S. Y. Ng, Shahid Ullah, Matthew Sypek.
Supervision: Andrew J. Mallett.
Writing – original draft: Monica S. Y. Ng.
Writing – review & editing: Monica S. Y. Ng, Shahid Ullah, Gregory Wilson, Stephen
McDonald, Matthew Sypek, Andrew J. Mallett.
References
1. Storry JR, Olsson ML. The ABO blood group system revisited: a review and update. Immunohematol-
ogy. 2009; 25(2):48–59. Epub 2009/11/26. PMID: 19927620.
2. Lowe JB. The blood group-specific human glycosyltransferases. Baillieres Clin Haematol. 1993; 6
(2):465–92. Epub 1993/06/01. https://doi.org/10.1016/s0950-3536(05)80155-6 PMID: 8043935.
3. Franchini M, Liumbruno GM. ABO blood group: old dogma, new perspectives. Clin Chem Lab Med.
2013; 51(8):1545–53. Epub 2013/05/08. PMID: 23648637.
4. Liumbruno GM, Franchini M. Beyond immunohaematology: the role of the ABO blood group in human
diseases. Blood transfusion = Trasfusione del sangue. 2013; 11(4):491–9. https://doi.org/10.2450/
2013.0152-13 PMID: 24120598.
5. Ewald DR, Sumner SCJ. Blood type biochemistry and human disease. Wiley interdisciplinary reviews
Systems biology and medicine. 2016; 8(6):517–35. Epub 2016/09/07. https://doi.org/10.1002/wsbm.
1355 PMID: 27599872.
6. Franchini M, Favaloro EJ, Targher G, Lippi G. ABO blood group, hypercoagulability, and cardiovascular
and cancer risk. Crit Rev Clin Lab Sci. 2012; 49(4):137–49. Epub 2012/08/04. https://doi.org/10.3109/
10408363.2012.708647 PMID: 22856614.
7. Liumbruno GM, Franchini M. Hemostasis, cancer, and ABO blood group: the most recent evidence of
association. Journal of thrombosis and thrombolysis. 2014; 38(2):160–6. Epub 2013/11/16. https://doi.
org/10.1007/s11239-013-1027-4 PMID: 24233389.
8. Gallinaro L, Cattini MG, Sztukowska M, Padrini R, Sartorello F, Pontara E, et al. A shorter von Willeb-
rand factor survival in O blood group subjects explains how ABO determinants influence plasma von
Willebrand factor. Blood. 2008; 111(7):3540–5. Epub 2008/02/05. https://doi.org/10.1182/blood-2007-
11-122945 PMID: 18245665.
9. Yamamoto F, Cid E, Yamamoto M, Blancher A. ABO research in the modern era of genomics. Transfus
Med Rev. 2012; 26(2):103–18. Epub 2011/09/29. https://doi.org/10.1016/j.tmrv.2011.08.002 PMID:
21945157.
10. Vadivelu MK, Damodaran S, Solomon J, Rajaseharan A. Distribution of ABO blood groups in acute leu-
kaemias and lymphomas. Ann Hematol. 2004; 83(9):584–7. Epub 2004/06/04. https://doi.org/10.1007/
s00277-004-0888-1 PMID: 15175895.
11. Karakousis CP, Evlogimenos E, Suh O. Blood groups and malignant melanoma. J Surg Oncol. 1986;
33(1):24–6. Epub 1986/09/01. https://doi.org/10.1002/jso.2930330107 PMID: 3093776.
12. Xie J, Qureshi AA, Li Y, Han J. ABO blood group and incidence of skin cancer. PLoS One. 2010; 5(8):
e11972. Epub 2010/08/10. https://doi.org/10.1371/journal.pone.0011972 PMID: 20694147.
13. Klatte T, Xylinas E, Rieken M, Kluth LA, Roupret M, Pycha A, et al. Impact of ABO blood type on out-
comes in patients with primary nonmuscle invasive bladder cancer. J Urol. 2014; 191(5):1238–43. Epub
2013/12/18. https://doi.org/10.1016/j.juro.2013.11.106 PMID: 24333243.
14. Orihuela E, Shahon RS. Influence of blood group type on the natural history of superficial bladder can-
cer. J Urol. 1987; 138(4):758–9. Epub 1987/10/01. https://doi.org/10.1016/s0022-5347(17)43363-5
PMID: 3656526.
15. Cooling L. Blood Groups in Infection and Host Susceptibility. Clin Microbiol Rev. 2015; 28(3):801–70.
Epub 2015/06/19. https://doi.org/10.1128/CMR.00109-14 PMID: 26085552.
16. Garratty G. Blood groups and disease: a historical perspective. Transfus Med Rev. 2000; 14(4):291–
301. Epub 2000/10/31. https://doi.org/10.1053/tmrv.2000.16228 PMID: 11055074.
PLOS ONE Blood group relationships to kidney transplant outcomes
PLOS ONE | https://doi.org/10.1371/journal.pone.0236396 July 23, 2020 10 / 11
17. Fine JP, Gray RJ. A Proportional Hazards Model for the Subdistribution of a Competing Risk. Journal of
the American Statistical Association. 1999; 94(446):496–509. https://doi.org/10.2307/2670170
18. Tsuang W, McMichael D, Wang X, M B. The Impact of ABO Blood Type and Geography on Access to
Lung Transplant [abstract]. Am J Transplant. 2017; 17(Suppl 3):598.
19. Goto T, Hata K, Nagao M, Kusakabe J, Okamura Y, Tajima T, et al. Recipient ABO Blood-Type is Asso-
ciated with Their Survival after Adult-to-Adult Living-Donor Liver Transplantation: Blood-Type O is Dis-
advantage? Am J Transplant. 2017; 17(Suppl 3):766.
20. Barone M, Avolio AW, Di Leo A, Burra P, Francavilla A. ABO blood group-related waiting list disparities
in liver transplant candidates: effect of the MELD adoption. Transplantation. 2008; 85(6):844–9. Epub
2008/03/25. PMID: 18360266.
21. Au EH, Chapman JR, Craig JC, Lim WH, Teixeira-Pinto A, Ullah S, et al. Overall and Site-Specific Can-
cer Mortality in Patients on Dialysis and after Kidney Transplant. Journal of the American Society of
Nephrology. 2019; 30(3):471. https://doi.org/10.1681/ASN.2018090906 PMID: 30765426
22. Taborelli M, Toffolutti F, Del Zotto S, Clagnan E, Furian L, Piselli P, et al. Increased cancer risk in
patients undergoing dialysis: a population-based cohort study in North-Eastern Italy. BMC Nephrology.
2019; 20(1):107. https://doi.org/10.1186/s12882-019-1283-4 PMID: 30922296
23. Lin MY, Kuo MC, Hung CC, Wu WJ, Chen LT, Yu ML, et al. Association of dialysis with the risks of can-
cers. PloS one. 2015; 10(4):e0122856–e. https://doi.org/10.1371/journal.pone.0122856 PMID:
25874862.
24. Kato S, Chmielewski M, Honda H, Pecoits-Filho R, Matsuo S, Yuzawa Y, et al. Aspects of immune dys-
function in end-stage renal disease. Clin J Am Soc Nephrol. 2008; 3(5):1526–33. Epub 2008/08/13.
https://doi.org/10.2215/CJN.00950208 PMID: 18701615.
25. Vamvakas S, Bahner U, Heidland A. Cancer in end-stage renal disease: potential factors involved -edi-
torial. Am J Nephrol. 1998; 18(2):89–95. Epub 1998/05/07. https://doi.org/10.1159/000013314 PMID:
9569948.
26. Wright J, Narayan S. Analysis of Kidney Allocation During 2015. System NOM; 2016.
27. Ahmadi SF, Zahmatkesh G, Streja E, Molnar MZ, Rhee CM, Kovesdy CP, et al. Body mass index and
mortality in kidney transplant recipients: a systematic review and meta-analysis. Am J Nephrol. 2014;
40(4):315–24. Epub 2014/10/25. https://doi.org/10.1159/000367812 PMID: 25341624.
28. McDonald S. Indigenous transplant outcomes in Australia: what the ANZDATA Registry tells us.
Nephrology (Carlton, Vic). 2004; 9 Suppl 4:S138–43. Epub 2004/12/17. https://doi.org/10.1111/j.1440-
1797.2004.00350.x PMID: 15601406.
29. Rogers NM, Lawton PD, Jose MD. Kidney transplant outcomes in the indigenous population in the
Northern Territory of Australia. Transplantation. 2006; 82(7):882–6. Epub 2006/10/14. PMID:
17038901.
30. Arend SM, Mallat MJ, Westendorp RJ, van der Woude FJ, van Es LA. Patient survival after renal trans-
plantation; more than 25 years follow-up. Nephrol Dial Transplant. 1997; 12(8):1672–9. Epub 1997/08/
01. https://doi.org/10.1093/ndt/12.8.1672 PMID: 9269647.
31. Nourbala MH, Nemati E, Rostami Z, Einollahi B. Impact of cigarette smoking on kidney transplant recipi-
ents: a systematic review. Iran J Kidney Dis. 2011; 5(3):141–8. Epub 2011/04/29. PMID: 21525572.
32. Keith DS, Demattos A, Golconda M, Prather J, Norman D. Effect of donor recipient age match on sur-
vival after first deceased donor renal transplantation. J Am Soc Nephrol. 2004; 15(4):1086–91. Epub
2004/03/23. https://doi.org/10.1097/01.asn.0000119572.02053.f2 PMID: 15034113.
33. Meier-Kriesche HU, Port FK, Ojo AO, Rudich SM, Hanson JA, Cibrik DM, et al. Effect of waiting time on
renal transplant outcome. Kidney Int. 2000; 58(3):1311–7. Epub 2000/09/06. https://doi.org/10.1046/j.
1523-1755.2000.00287.x PMID: 10972695.
34. Snyder JJ, Kasiske BL, Maclean R. Peripheral arterial disease and renal transplantation. J Am Soc
Nephrol. 2006; 17(7):2056–68. Epub 2006/06/16. https://doi.org/10.1681/ASN.2006030201 PMID:
16775031.
35. Wu C, Evans I, Joseph R, Shapiro R, Tan H, Basu A, et al. Comorbid conditions in kidney transplanta-
tion: association with graft and patient survival. J Am Soc Nephrol. 2005; 16(11):3437–44. Epub 2005/
09/24. https://doi.org/10.1681/ASN.2005040439 PMID: 16176999.
36. Lim WH, Wong G, Pilmore HL, McDonald SP, Chadban SJ. Long-term outcomes of kidney transplanta-
tion in people with type 2 diabetes: a population cohort study. Lancet Diabetes Endocrinol. 2017; 5
(1):26–33. Epub 2016/12/25. https://doi.org/10.1016/S2213-8587(16)30317-5 PMID: 28010785.
PLOS ONE Blood group relationships to kidney transplant outcomes
PLOS ONE | https://doi.org/10.1371/journal.pone.0236396 July 23, 2020 11 / 11
